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( $x,$ $\xi\in R^{n},$ $m>0$ . , $e=1$ . ) , Weyl
Hamiltonian
(1.1) $H=h^{w}(x, D)+V(x)$
. $a(x)=(a_{1}(x), \ldots, a_{n}(x))$ magnetic



















$L^{2}(R^{n})$ $H_{0}$ , $H_{0}$ .
$H^{l}( R^{n})=\{u\in S’|\int(1+|\xi|^{2})^{l}|\hat{u}(\xi)|^{2}d\xi<+\infty\}$
$S$ .
, $a(x),$ $V(x)$ .
(A) $a_{j}(x)(j=1, \ldots, n)$ $c\infty$ - , $\alpha\neq 0$
$( \frac{\partial}{\partial x})^{\alpha}a_{j}(x)arrow 0$ $(|x|arrow\infty)$ .
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(V) $V(x)$
$V(-\triangle+1)^{-1/2}$ : $L^{2}(R^{n})arrow L^{2}(R^{n})$
compact . $V=V(x)\cross\cdot$
(A) $h(x, \xi)$ $S^{1}(=S_{1^{1},0})$ symbol , $h(x, \xi)$
Weyl symbol
$h^{w}(x, D)u(x)=(2 \pi)^{-n}\iint e^{i(x-y)\cdot\xi}h(\frac{x+y}{2},$ $\xi)u(y)dyd\xi$
$C_{0^{\infty}}(R^{n})$ . .
, $(A)$ $h^{w}(x, D)$ on $C_{0^{\infty}}(R^{n})$
, .
2.1 (A)
(i) $h^{w}(x, D)$ $C_{0}^{\infty}(R^{n})$ .
(ii) $H_{1}$ $h^{w}(x, D)$ on $C_{0^{\infty}}$
$Dom(H_{1})=H^{1}(R^{n}.)$
$S$ $:=s^{w}(x, D)$ $L^{2}(R^{n})$ . (2.1)
$H_{0}+S$ $H^{1}(R^{n})$ . $H_{0}$
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$h^{w}(x, D)$ , $H_{1}=H_{0}+S$ .
(ii) . )




$H$ $H^{1}(R^{n})$ , (1.1)
.
magnetic potential $a(x)$ Schr\"odinger $T$
. , $T$
(2.3) $\sum_{j=1}^{n}(\frac{\partial}{i\partial x_{j}}-a_{j}(x))^{2}+m^{2}$ on $C_{0}^{\infty}(R^{n})$
closure (cf. $Ikebe- Kato[6]$ ). .
140
1. (A), (V)
. $\Sigma\subset[0, \infty$) $\sqrt{\Sigma}$ $:=\{\sqrt{\lambda}|\lambda\in\Sigma\}$ .
1 $H$ $H_{1}$ .
$n\geq 4$ , (A), (V) , :
(G) (i) , (ii) magnetic potential $b(x)$ :
(i) curl $a(x)=cur1b(x)$ ,
(ii) $|x|arrow\infty$ $b(x)arrow 0$.
magnetic Schr\"odinger .
Leinfelder[9], Cycon-Froese-Kirsch-Simon[2] .
2. (A), (V), (G)
$\sigma_{ess}(H)=[m, \infty)$ .






5. $n=2$ , 3 . (A)
$\sigma(H_{1})=\sigma_{ess}(H_{1})=[m, \infty)$ .
3.
1 . 2, 3 1
[9] , [2] . 4, 5 Ichinose[4]
(3.1) $H_{1}\geq m$
2, 3 . 1 (3.1) .
:
$p_{(\beta)}^{(\alpha)}(x, \xi)=(\frac{\partial}{\partial\xi})^{\alpha}(\frac{\partial}{\partial x})^{\beta}p(x, \xi)$.
3.1 (A)
$|h_{(\beta)}^{(\alpha)}(x, \xi)|\leq\{\begin{array}{l}C_{\alpha}\langle\xi\}^{l-|\alpha|}C_{\alpha\beta}(x)(\xi\rangle^{-|\alpha|}\end{array}$ $(\beta=0)(\beta\neq 0)$
.
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$C_{\alpha\beta}(x)$ $R^{n}$ $|x|arrow\infty$ $C_{\alpha\beta}(x)arrow 0$ .
$|( \frac{\partial}{\partial\xi})^{\alpha}\psi(\xi)|\leq C_{\alpha}\langle\acute{\xi}\rangle^{1-|\alpha|}$
(32) $h^{(\alpha)}(x, \xi)=\psi^{(\alpha)}(\xi-a(x))$
(33) $|h^{(\alpha)}(x, \xi)|\leq C_{\alpha}\langle\xi-a(x)\rangle^{1-|\alpha|}$
. (A)
(3.4) $c_{0}\{\xi$ ) $\leq\{\xi-a(x)\rangle\leq c_{1}(\xi\}$
(3.3) (3.4) \beta $=0$ .. $|\beta|=1$ (3.2)
$h_{(\beta)}^{(\alpha)}(x, \xi)=\sum_{j=1}^{n}(\frac{\partial\psi}{\partial\xi_{j}})^{(\alpha)}(\xi-a(x))(-(\frac{\partial}{\partial x})^{\beta}a_{j}(x))$
(3.3), (3.4)
$|h_{(\beta)}^{(\alpha)}(x, \xi)|\leq C_{\alpha}(\sum_{j=1}^{n}|(\frac{\partial}{\partial x})^{\beta}a_{j}(x)|)\{\xi\}^{-|\alpha|}$
, (A) $|\beta|=1$ $C_{\alpha\beta}(x)$




$[h^{w}(x, D)]^{2}= \sum_{j=1}^{n}(\frac{\partial}{i\partial x_{j}}-a_{j}(x))^{2}+m^{2}+r^{w}(x, D)$ on $S$ .
$r(x, \xi)\in\dot{S}^{-1}$
symbol class .
. $p(x, \xi)\in\dot{S}^{\mu}$ , $\alpha,$ $\beta$ $R^{n}$ $C_{\alpha\beta}(x)$
(i), (ii) :
(i) $C_{\alpha\beta}(x)arrow 0$ $(|x|arrow\infty)$ ,
(ii) $|p_{(\beta)}^{\langle\alpha)}(x, \xi)|\leq C_{\alpha\beta}(x)\langle\xi\}^{\mu-|\alpha|}$ .
1 :
(3.5) $p\in\dot{S}^{\mu}$ , $\mu<0$ $p^{w}(x, D)$ $L^{2}(R^{n})$ compact .
[8] .
3.2 . $[h^{w}(x, D)]^{2}$ symbol $hoh(x, \xi)$ \langle Iwasaki-
Iwasaki[7, \S A.2]
$h oh=h^{2}+\frac{1}{2i}\{h, h\}+r$ ,
$r(x, \xi)=\int_{0}^{1}(1-\theta)q(x, \xi, \theta)d\theta$ ,
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$q(x, \xi, \theta)=-\frac{1}{4}$ $\sum$ $(-1)^{|\alpha|} \frac{2!}{\alpha!\beta!}\cross$
(36) $|\alpha+\beta|=2$
$\cross(2\pi)^{-2n}Os-\iint e^{-i\zeta\cdot z}h_{(\beta)}^{(\alpha)}(x+\frac{z_{2}}{2}\xi-\theta\zeta_{1})h_{(\alpha)}^{\langle\beta)}(x-\frac{z_{1}}{2}\xi-\theta\zeta_{2})dzd\zeta$ ,
$z=(z_{1}, z_{2}),$ $\zeta=(\zeta_{1},$(2).
$\{h, h\}=\sum_{j=1}^{n}(\frac{\partial h}{\partial\xi_{j}}\frac{\partial h}{\partial x_{j}}-\frac{\partial h}{\partial x_{j}}\frac{\partial h}{\partial\xi_{j}})=0$
, $r\in\dot{S}_{10,)}^{-1}$ . 31 (3.6)
( )
1 .
3.3 $H,$ $T$ Hilbert $H$ , $R$ $\mathcal{H}$
T-compact . $H\geq 0$ $H^{2}=T+R$
$\sigma_{ess}(H)=\sqrt{\sigma_{ess}(T)}$ .
33 Weyl
1 . $T$ (2.3) , $H_{1}$ $h^{w}(x, D)$ on $C_{0^{\infty}}(R^{n})$




, (3.1) , (3.5) 3.3 . ( )
4. $H$
$a(x),$ $V(x)$ $H$
. , Enss method
.
$(\tilde{A})\epsilon>0$ , $\alpha$
$|( \frac{\partial}{\partial x})^{\alpha}a_{j}(x)|\leq C_{\alpha}\{x)^{-1-\epsilon}$.
$(\tilde{V})\epsilon’>0$ , $|V(x)|\leq C(x\rangle^{-1-\epsilon’}$ .
$S$ 2.1
$H=H_{0}+S+V$
. (A), (V) $H$ $H_{0}$ .
4.1 (A) , $u\in L^{2}(R^{n})$




(4.1) $\Vert S\langle D\}^{-n-1}F_{R}\Vert+\Vert VF_{R}\Vert\leq C(1+R)^{-1-\epsilon’’}$
( $\epsilon’’=\min(\epsilon,$ $\epsilon’)$ ) . (4.1) Enss Condition , routine







(i) $\sigma_{ac}(H)=[m, \infty),$ $\sigma_{\epsilon c}(H)=\phi$
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